dilution for 108 Enterobacteriaceae were 0.25 -1 mg/L (mode 0.5 mg/L) for the susceptible population and 32 to .128 mg/L (mode 32 mg/L) for the resistant population. For the 64 P. aeruginosa isolates, the MICs of colistin were 1 -4 mg/L (mode 4 mg/L) for the susceptible population and 8 -16 mg/L (mode 8 mg/L) for isolates considered as resistant.
Bacterial strains, total (colistin-resistant): A. baumannii, 14 (6); Aeromonas hydrophila, 1; Alcaligenes xyloseoxidans, 4 (2); Burkholderia cepacia, 1 (1); Citrobacter freundii, 11 (4); Enterobacter aerogenes, 6 (5); Enterobacter amnigenus, 1; Enterobacter cloacae, 22 (6); E. coli, 22 (4); Hafnia alvei, 1; Klebsiella pneumoniae, 36 (6); P. aeruginosa, 64 (12); Stenotrophomonas maltophilia, 9 (7). a P. aeruginosa only.
Keywords: extended-spectrum b-lactamases, cephalosporins, Enterobacteriaceae, antimicrobial resistance, swine 2 -4 raising concern about the possible role played by food in the spread of ESBLs in the community. In this study, we investigated the possible impact of ceftiofur, a third-generation cephalosporin approved for therapeutic use in swine and cattle, on the occurrence of cephalosporin-resistant and ESBL-producing Escherichia coli in pigs. Twenty Danish farms were selected according to information on ceftiofur usage, including 10 farms using ceftiofur and 10 control farms without a history of ceftiofur usage in the 6 months prior to sampling (July-August 2006). Despite the fact that ceftiofur is registered for treatment of respiratory disease, the drug was used for other indications, i.e. systematic prophylaxis in 1-day-old piglets (eight farms) and treatment of diarrhoea (one farm) or arthritis (one farm). At each farm, faecal samples were taken from 10 piglets and 10 slaughter pigs, respectively. Following culture on MacConkey agar plates containing cefotaxime (2 mg/L), E. coli with reduced susceptibility to cefotaxime were obtained from 69 animals at five farms using ceftiofur and from 3 animals at one control farm. Statistical analysis showed a significant association (P ¼ 0.02) between ceftiofur treatment in piglets and occurrence of E. coli with reduced susceptibility to cefotaxime. The analysis was carried out including data from both piglets and slaughter pigs (396 animals in total), and animal age was found not to be a statistically significant factor.
One colony with typical E. coli morphology was selected from each positive sample/animal. A total of 60 E. coli isolates were identified by biochemical tests (indole, methyl red, VogesProskauer, citrate) and analysed for ESBL production by the double disc method using cefotaxime and cefotaxime combined with clavulanic acid. ESBL production was demonstrated in 19 isolates originating from two farms ( Table 1 ). All 19 isolates were resistant to cefotaxime and ceftiofur (MIC .64 mg/L) but susceptible to ceftazidime and cefoxitin. Sequencing of PCR products obtained using primers targeting TEM 5 and CTX-M 6 genes revealed that all 19 isolates carried CTX-M-1 and 5 of them additionally harboured TEM-1B. The CTX-M-1-positive isolates displayed distinct PFGE types and antimicrobial resistance patterns (Table 1) , suggesting horizontal gene transfer between distinct E. coli strains rather than clonal spread within farms. The remaining 41 isolates had lower resistance to ceftiofur (MIC ¼ 8-16 mg/L) and did not exhibit an ESBL phenotype by the disc diffusion test. Such isolates were not inhibited by clavulanic acid in combination with cefotaxime and were resistant to cefoxitin. Sequencing of the ampC promoter region of eight randomly selected isolates confirmed changes in the promoter region at positions -42, -18, -1 and þ58, which have previously been shown to result in up-regulation of AmpC production. 7 The study demonstrated a statistically significant association between the use of ceftiofur and reduced susceptibility to Isolates were assigned to distinct PFGE types when two or more differences were observed in the band patterns. In the case of a single-band difference, isolates were assigned to distinct subtypes (e.g. 1a and 1b). b Antimicrobial resistance was determined according to the CLSI (formerly NCCLS). 9,10 Intermediate resistance is indicated in brackets. c This strain showed an atypical phenotypic trait (indole-negative), but was confirmed to be E. coli by 16S DNA sequencing (96% homology).
cefotaxime due to production of either AmpC or CTX-M-1 b-lactamase. Although the association between ceftiofur use and occurrence of CTX-M-1-producing E. coli was not statistically significant, such bacteria were only detected in farms using ceftiofur and the lack of statistical significance could be due to the relatively low number of farms that were included in the study. Furthermore, the actual occurrence of CTX-M-positive isolates could have been underestimated by only analysing a single isolate from each animal. The statistical analysis did not take into account factors that may have had a significant effect on the observed occurrence of resistance, namely the use of other antimicrobials that can cross-or co-select for cephalosporin resistance. E. coli-producing CTX-M-1 have been recently isolated from two infected pigs reared at Danish farms, with a history of cephalosporin usage. 3 Associations between ceftiofur use and isolation of E. coli with reduced susceptibility to ceftriaxone have been reported in dairy cattle farms in the USA. 4 These data indicate that usage of cephalosporins in animals selects for the occurrence of cephalosporin-resistant E. coli in animals. Further investigation is required to understand the magnitude of this selection and to assess the risk of zoonotic transmission via the food chain and by contact with animals. Preliminary results of a survey on the occurrence of ESBLs among E. coli isolates from Danish patients indicate that the majority of the ESBLs in human clinical strains belong to the CTX-M type (N. Frimodt-Møller, Statens Serum Institut, Denmark, personal communication). Thus, it is possible that CTX-M genes are exchanged between porcine and human E. coli populations, but the relative contribution of cephalosporin use in animals to the occurrence of these genes in strains causing human infections remains to be determined.
Off-label use of ceftiofur should be avoided in pig production to limit the spread of ESBL-producing bacteria and to preserve the efficacy of cephalosporins in both human and veterinary medicine. Prophylactic use of ceftiofur by a single injection in 1-day-old piglets and treatment of porcine bacterial infections other than respiratory disease should be discouraged because in addition to deleterious effects on selection for resistance, the clinical efficacy of this antimicrobial drug has not been documented for these indications. In Denmark, ceftiofur is only registered for treatment of respiratory diseases. Data from the Danish programme for surveillance of antimicrobial resistance in bacteria from livestock, foods and humans (DANMAP) show that consumption of ceftiofur in pig production increased markedly over the last 5 years and that 80% of the total amount prescribed for pigs in 2005 was used in sows/piglets. 8 The large amount prescribed for sows/piglets strongly indicates that off-label use is widespread since bacterial respiratory diseases are relatively uncommon in sows and piglets compared with slaughter pigs.
